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ABSTRACT

An exploratory study was undertaken, as part of a program to
develop quantitative techniques for prescribing the design and
use of training systems. As a first step in this program, the
present study attempted to: (1) compile an initial set of
quantitative indices, (2) determine whether these indices could
be used to describe a sample of trainee tasks and differentiate
among them, (3) develop a predictive methodology based upon the
indices, and (L) assess that methodology.

The compilation included the Display-Evaluative Index, a set
of panel lay-out indices, and a set of task rating scales.
These indices were applied to task analytic data, collected on
sonar operator trainers at Fleet Sonar School, Key West,
Florida. Application of the indices proved feasible, and
differentiation among three training devices, and within four
trainee sub-tasks (set-up, detection, localization, classifi-
cation) was possible.

The predictive method which was generated was an adaptation
of the standard multiple regression model. Mean task scores
replaced the usual individual criterion scores, and quantita-
tive task index values were used as predictor scores, This
adaptation was tested using data from published studies on
tracking. Significant multiple correlations using task
indices were found for criterion data obtained during early
stages of practice. This result supported the contention
that a prescriptive method must include training as well as
task indices in order to account fcr advanced levels of pro-
ficiency. A combination of task and training indices did
predict later performance.

More generally, the results support the soundness of the task
characteristic approach underlying the broader program. A
major conclusion was that further development of the quantita-
tive task-analytic methodology is warranted and would be
fruitful.
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One of the most dirTiend s apel o by v e T g o003 0 Bon 0]
viduals resporsihle Yor o bitar: v oo i C T

ment of cffective training svereas. Aecented o dopars o sy

g systems are students who Iack speco e buowledpe o 2t il ey the
students progress through the svetesher are conose ! to o variaty
of new situations., and theough prres e e 70 b ge portim iy

: to develop and vefine new skille. oo iditas tegining svatems o

bilk of this exposure iy often provided by cophiiaciented trainine
devices vhich incorporate conditior: inteaod to e litare, onide,
and reinforce the learning experience.  The obicctive oo supnle e
such exposure iz to outpnt produgtos vho posaose pew Tnowlodoe oo

skills, and who cim tTims¥er these assots 1o an overational =ivan-

tion. The cffectivenrss of this process, and af the sveten con

ponents which underlic it, deacmls laveely voon the apeed o 311
acquisition, and the deeven to wvhich these ' lle Cranstor 1o the

operational sctting.

While the poal in desioning military traiainy devices 1= alwavs

one of maximizing effectivencss, anv given device pav a1l <hort of
this mark. 7Two devices having the sare training obhiectives =an Jifer
markedly in terms of the training tire regoized cr the type and anoime

of transfer achicved. Were o chaice mvailable hetveen protaiypes of

these dovices, onlv one might b sclectad o Jdevelopeent . Boengs.s

of the costs involved in corrent sveton Jesien and fendementation,

however, one canmot alford to develon compesin: Tovice: anl empivical iy
determine which s move effeceive,  In othe peofe o Mo oy focpe™ Q
: attitnde about the effectivences of trainineg fo demygesien]
:
The hasic issue, therenye, o« how 40 nlon Soe oot e '
develop o trainine deviceeo which wi 7 oprove 0 T ot pne f
particular sot of training ehivctives, v che voeiy ant e
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training, how can ope Yorccast the tvne of seqinine Jdevice which should

: be emploved?  How can one wneci ™ “ho ronoes i which the device shonld
be designed and ntilized? o hosr ) vhot soone car be taken to insure,
insoiir as posrible, the wanid acmisision of «lills and their positive

F transter to the opevration. b o ecipn?

Th the 05 vears since World Wor 170 fow other training problems
1] oy

have received ax rneh attention,  Ihe probhles has come imder reneated

3 attack and has bheen appreadhed Trop o nopbor of different theoretical
1 positions.  \nrions methods have hoon conceived to help determine

vlurt should be trained and how training shonld be accomlished.  Manv

of these approaches have chared the assumption that operational tasks
possess cevtain critical charactoristics vhiteh have gpecitic implica-
tions for the design and ntitization of rraining devices. Tt was hoped
that this information, tog~ther vith estimp o of cost, would lead to

training decisions which insnred naximum retnras for cach training

dollar invested., In spite of coveral efforte in this direction, however,
the problem of prescribine the design of o training device, or of pre-

3 dicting its effectiveness, remiins unresolved.

ol slisiesle Hon nereasing Traiwieg Ui et i5emess —
[listorically, gross inadequacies in the desipn of training devices _

were often eliminated on the basis of shrewd gnesswork. In the carliest

approach to the prescriptive-predictive issue, design decisions were made

by subicct-matter specialists who drew on experience and common sense

to solve training design problem:.  \s a resnlt they often were able to

make tairly sound decisions abont the design of training aids and equip-

ment, student and instructar stations. and other aspects of the trairing
sitnatjon which might facilitate the learning experience.  lowever, these
carly practitioners vers artisars,  Becanse of their expericence, they

were able to trans!ate cestain trpes % information abont the job to he

RO ROA 237 L T RTT I TR on
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approach to the training prohlews whiiceh e e b w

vore highly cncccssful ipn vab i eompd e e v e 0 Dl

not.

Furthermorve, becanse ot the S forpar o0 Jp b v gt ee ! thasie

methods, it was diffienlt o tr in oclore Ga e o SRR B TR

disadvantape of this approach oy in the dif5enliv o e hiatine the

proposed training solution prior to it odaption.  Poodictions oy te the

effeoctiveness of training vere cenrcely Fostor than epipinng, A\«

(ERES

been cogently pointed ont cleewhere  (Chensard o Lo ov ) 1060

"Me can never Faaw, abont omv o trainisy nroveare o

L!(‘\'i.\'("]‘ \‘.-]“_\t-'”.\’- l-llll o fil(‘ TEPOTS Nt L e e R
machine syvstem have heen consbderved | owbesde srninipe

i

“Hn
e
heen presceribed for thore cveros sepmante vbieh Lave 1o
preatest roelationshin o cveton ofee by e e oo !
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: TEER IR
the training progeio. ix portiedas’ votl cnital 1o vancling

the specific shille and Inovledons chich e e covppvrd,
It iw extremely V99 abs o nesesa, Potaee the fhe

whether each =ainine Tollaor 7171 Tn v}l d comnastt (0 00

Recause of the difficultices inherent 1 theve imdividimtistic methods,

attention was focused nupon the develontont af mose formal and program-

matic approaches to the solntion o7 sraining device desion and utilisn-

tion problems. Techniques were conceived il

sveltoned to hetn determine

what should be trained and to provid: very general gnidelines 2s fo how

training should he accommtished,

The results of these ortforts were o mher o fob deseriptive and

task analvtic procedures. Haine thewse anproaaches 5t hecre possihle

to describe jobs in terms of heiv muior ol cormporent s
describe these components in forme o underteing tael ol

activities. Deseription procoeded vveterooai i aeh geverld

s, oand then to

\
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VU ocach stcoesodve Jovet e ntformat jon which was oxtracted became
pore et b T T ot sechr banes were e loved to either expmud
NpOIE or dptecr e et e T i o tion, e envliest of these
provedores oo 0T ee s T e 2 Cott 0 TOSA) were desipned
toc hedn speci v those e eeta o0 o operstional tash which should bhe
consblered co haie dtens o7 content inoa sraining program, More
recent efforts ron o heme o™ 0V a Tev ) 1065 s iy rerintaining an
tnterest i pesifeinge Che gerroariaie content o training, have alse
attemnnted Goopreseibe the favne on! amennt of treinine which shonld

he ¢iven,

Concurrent with these acerivitices, other investieators were at-
temptine to Jevelon tash clossi e jon sysreoms aving raplications for
training.  fhese Cvogemicts chaeed the beliet that hasically different
tvpes of tasts dnd dadeed cvist o Uiven this prems=e, o logical step
wias o collect, =ovt, and cotatomne tasks ) casting thew inro their
apprenriate clusses o Tt Lies o Paxonomists who developed theiy
structures to deal with frafaine peablems made an additional assumption,
For cach identifiahle class of tacks there micht exist a unique set of
tratning provedures vhich conbd nrove to be most effective, As a con-
seqnence ol this rhinking *lieve have heen several attempts to classify
rasks and to specitv Yo cach claes those tyainine techniques which
SCCM BIOSE approvriare e oo, Willis ) Peterson, 1901 Stolurow, 1964,

Miller, 196001

Many ot the analvtic and tavonomic methodologies developed to date
have had their own prrticalar shorteamings, Most, however, have had one

weakness in common, Thev fave nrovaded for the description of tasks in

hehavioral ov Yunctional tevns (o g0 the behavioral taxonomy of Berliner,

Angell, § Shearev, 1961, the functional descrintors emploved by Gapne,
1962 amd M ller, 1906), These teris hive been Found difficnlt to apnly
unanhicoonstve They have retferred prinarily to the qualitative aspects

of an operator's overt and covert bhehnviors,
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Considered collectively, these qualitative apnronches bave holped
determine those aspects of the aperationzl siteat ion which should be
considered as basic items of content in the txaining procvran,  To a
much more limited extent, they have even provided cenceal puidelines
about how training might best he accomplished.  “her ave notr heen
particularly successfnl, however, in ecstablizhing svecific training
device design requivements.  As pointed out by Swith (1965) in wm in-
teresting comparative study, 1t has been i ffienlt to transiate the
behavioral analyses into rigorons training tcechniague or hardware
specifications. Because of their qualitative natnre, it has not heen
possihle to use these methods to predict the effectivencss of dif-

ferent types or amounts of rraining.

1.2 Research Related to Training Effectivencss

The prohlem of maximizing training device effectiveness = two-
fold: 1) to predict, as carly as possible in the design process, how
cffective training will bes or 2) to specifyv that design, which if
carried through, will prove effective. In cither case, the problem
1s overwhelmingly complex, since in any training situation there are
several major classes of variahles which mav interact to determine
the rate of traince skill acqnuisition or even the level of instructor
proficiency. These components are the trainces vho mre selected, the
characteristics of the tasks embhodied in the training device, and the

techniques emploved to effect training.

In mentioning these particular components an important point s
to be made. T1f methods for predicting the efeetivencss of a civen
tvpe and amonnt of *raining arce to he developed, the complex inter-
actions among thesc components must bhe investiginted,  Stdbies of this
type, however, have heen relatively scarce. While the prediction of

learning rate or performance level has intriencd behovioral scientists

A
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For a nurher of vears, the tendency has heen to facus on separate
aspects of the probfoem,  These divergent interests have been reflected
in the prowth af three rather soparate arceas of rescarch.,  These areas
have inclnded individaal differences, principles of learning, and human

engineeringe,

e irat of these arcas has been dimed at determining student-
refated attribntes which mav wanderlie individual Jifferences in training.
Fhe vitue of thic research Ties in the promise it holds for nsing such
student attribates as o basis for student cetection. The rationale for
this sclection oo that the most offective training can be provided ro
those students who possess attributes related to ranid acquisition of

coertain skills or to high fevels of proficiency on cervtiain tvpes of tasks.

A number of studies, for example, have indicated that the abilities
derived throngh experimental-correlutional research are involved in
varying degrees and combinations in learning to perform a variety of tasks.
Among others, Fleishman and Froachter (1960) and Parker and Fleishman (1960,
Fao iy have applied this kuowledge while providing tyaining on a variety
ot complex tasks.  lew of these studies, however., have attempted to map
the relationships between different student attribuntes and different tasks
or the stimnfus and response properties of such tasks. Until this re-
search is undertaken on a large scale, it will be difficult to predict
which students will ecain mest “ron practice on difrerent types of tasks.
Lacking this information it is ditffcult to determine how mich device ef-

foctiveness can be increased through personnel scelection.

the second relevant area has focused on the development of prin-
ciples of learning and the translation of these principles into sound
training practices. These have included, for example, the work of
Bilodeau and Bilodeau (1961) on feedhack, the distribution of practice
studies by Eientzle (19160) and Jensen 711961) ) Cafer and Appley's (1964)

work on motivation, and Care's analvsis (1969) of adaptive training.

8
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In spite of the investigation of a larpe number of such virinhles, Yow.

cver, it has been Jdifficult to translate this bodyv of regeareh inta

[ R)

design of improved training devices.

0 This difficulty has arisen for three reasons, Firet, few exper.

iments have heen conducted to explore the interactions anong diferent

training variables. Tn the absence of this tyne ot research it g been

alorasag oy

difficult to cvaluate device effectivencss in revir of trade-of £y muong

training variables. Sccond, there have heen fow attempts to establish
| the interactions between selected training varviahles and student at-

tributes or abilitics. Third, with the exception of a feow studies

e Tety

(e.g., Tallmadee and Shearer, 1970) the interactions hetween selectoed

training variables and the types of tasks being trained have not heen

thoroughly explored. More of this latter tyme of rvesearch is reeded if
training techniques arc to be tailored to the tasks incorporated within

a particular training device.

i The third relevant arca of rescarch has focused on stimulns and
3

response aspects of a task, which if varied, may ecxert an effect npon
: operator performance. The researvch in this area has been voluminnous,
' It has Ted to the generation of a mumber of handbooks prescribing the

4 design of most aspects of the man-machine interface (e.g.., the Iuman

Fngineering Guide to liquipment Design, 1963: the Handhook of Human

Engineering Data, 1960). While of dimmense value in its present form,

this research must be extended. More studies of the type condncted hy
Chapanis and Gropper (19681 are required on the interaction hetween
operator characteristics and displav-control velationships, Similariy,
more information is nceded of the tipe supplicd by Fowler, Willianme,
; Fowler, and Young (1968) on differert operator pancl lav-onts and rates

[ of learning.

In order to cope successfully with the preseriptive-predicrive
issue, human-engincering rescarch ig especially needed on the intoraction

between trainee and instructor. At his starion., the 1riinee attends o
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inputs from <pecitic Jianlavs, processes them in a presceribed manner,
and attempta to take ponvaonviate corteol actions,  The instructor, at
his own station, wfeal-with Biverent controls and displavs, and per-
Yorms Jictinetiv HicSoreet oreratiors . To osome extent, however, cach
station's outpat 1 ¢ Tune fron of inputs from the other station.  Be-
cause ot thiv dependency, o training device is astnally a closed-loop
svatem,  Pheretore, device effectiveness vitl depend upon how well hoth
participants poertorn their respective tashbs. Consegnently, design pre-
scrintions must cimultancoustyv relate to both stations, and predictions

of training o"vYectiveness mast consider their toint influence.

fn sumpary, the three areas of research Jdeccribed above indicate
that training effectiveness is derermined vy an interaction among com-
ponents of the training svatem. Stody of this nteraction may eventually
provide the Jdesign enginesr with information about the personnel, tech-
nigue, and Jdesign teade-offe which are so ¢crucial to development of an
effective trrining device. Hntil the relationships among these compo-
nents are thovonghly nnderstood, the probleom of designing an effective

training device, betore the fact, wiil remain mmresolved,

.5 Statement of the Problen

The preseat study was condncted as part of a larger program of
research. The voal of this program was development of a new approach
to the prablen of specitving the dosign of a training deviece or of pre-
dicting its eftfectiveness.  The approach ander consideration was one of

qumtitative tash analvsis,

A5 the Firest step in this procvan the present <tudy had three ob-

Fectives,  The fiest objective was to compile an initial set of quanti-
tative indices relating to selected characreristics of various man-
machine tashs,  The second obioctive was to determine whether the ob-

trined indices counld be used to descpribe a samnle of trainee tasks and

RS
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to differentiate among them. The
predictive methodology hased upon

its potential utility.

6O -N27C

third objective was to develap

the task indices and tao HESESRRIES
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Two methods were emploved in the present stndy. In the first pro-
ceditre quantirative toel o andices wese comiled and applied to trainece
tashs tound o osneverTlance-svster 0 ciniae devices,  The purpose of
this procedinre woer to nssess the Coasihilite of quantitatively describing
dovnriety o connlex mon-nachine tieslbe o I the second procedure a multiple-
regression codel v develoned and onplied to oo sample of tracling tasks
described in e Tirerarare,  his procedure was designed to provide pre-
Piminary esticates of the predictive power of selected taslh indices., ‘lhe

mrjor srepson bothoappronches are deseribed below,

S0 Pask Analvsis

Four major <tops comprised the roskh analvsis procedure.  First, a
sample of trainine devices wias selected unon which to base the eventual
quamtitative task antlvsis. Second, the trainee tasks associated with
the selected devices were annlvzed to identify mijor snb-tasks helieved
to cut acress o ommber of trainine devices.  Thiwd, gnantitative indices
were scelected or developed yelating to chirncteristics of the major
tiainee subh-tasks which had heen selected for studyv,  Fourth, task analy-
sis dato were collected in the Field and nsed to derive values for bhoth
vencrie amd specific sets of quantitative indices,

2.0 .\‘_o_l_v.c.f.ip.ll_"nt' .:l;l‘..‘l__i _n_i_n_g_*_» .!'.v\‘i ces

A Large portion of the spectrun of Nivy training devices was re-
viewed in oorder to tdentity those instances in which training equipments
rather than trainitoe atds provided the basis for instruction. The
former devices (e.o., trainers and simulators) were chosen for investi-
cation hecnuse: 1Y they contained vrainee and instrctor tasks which !

were reasonab iy formalized and invariant with respect to the equinment

10
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and procedures used; and 2) they permitted relatively sharn Lonndnries

to be drawn between the traince and instructoy tasle,  Poth

ot theae

features were desirable for development and annlication of aquantifative

indices.

On the basis of the review apnroximately Toh iV ferent

trarners Ar

simulators were identified. These equipments diflered mar! edlyv, however,

in terms of the hasic content of tyainine

control, navigation, ctc.) and level of training (o

(oo, vehicle contral | Tive

LL.oorientation,

familiarization, skill, ectc.h.  \decision was required, therefore,

whether to sample across these many different tvpes of trainers

o1 1o

focus on a more homogencous sub-set of devices., The latter approach wis

finally adopted because it wias “elt that focus on a snecific
devices would provide u better test of the overall methodoloov,

tative indices conld not be applied to a specific class

suh-get of
I oamarti-

of trainers, +then

there would be Tittle hone of doine =0 across manv difforent tynes of Jde-

vices.

The 165 devices previously identificd were re-cvatuated with resnect

to the content of training, and were oreanized into

families. Nine clusters cmerged which included the

a)
h)
c)
d)
c)
)
g)
h)
i)

Two sets of criteria were applied to cach proup of Jdevices,

designed to identifyv groups of devices which appenred hest suired to

retatively homogenemns

fellowing:

operational fiight trainers

cockpit procedures trainers

weapon svsten trainers

antisubmarine warfare team trainers
airborne eclectronic vurtfare trainers
clectronic countermeasures troiners
radar trainers

sonar trainers

miscellancnug trainers,

fme Ssot wie

e —

ex
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development of qmmmtirative indices.  Vhe second wo!f was used to snecify
which aroups aieht hoomact poadi te cvatunted in an anticipated repression

analvsis,

In Fight of the critevia Sor development o indices und for evaln-
ation of the descriptive svatem, vadar, sonnre, and clectronic conmter-
peasnres teaipers wore coloctol, Mhose doavices bheloneed to the same
veneral taei v an the =ense that they orovide 1 *vrainine for the oper-
ators of Moy corsor-hase Doy sapveilborcee svstem:, Fo» parposes of the
nresent stidvoaltention was Jocisad onoactive, anvface-sonar trainers.

In apite of thage vexpriction, che patention wes fo o eenerate indices whieh
wvoubd abso nrovide Yoy o the ammmtitative descrintion of ather Jdovices

vithin the surveillanee S

20000 Tdentifieatior of Teainee

ving identified surveillavee sestem trainine devices as the
Cami vy o interest, the trainee tashy associated with o these devices
wore analvaed inodetaibs o The ppatveis was conducted for two reasons.
First, intfornation vos reqnired on the major sub-tasks performed by
trainees.  Second, pnCovmation was desired abont “hose {eatures of
the snb-tashe which =oebs provid. o basis fov goneration ol descrip-

tive indices.

The decision ta provide descr ption ot the snbhtask level wis
predicated on o ascamptions,  First altbough surveillance tvainers
atpht ditter in the content of trainine, they nevertheless wauld share
cortiain hasic suh-rashe,  Sccend, only gt ibhe snb-taslk level could
criterion periovsane: measores he veadily ddentiSieds The avoilability
ot sach measnres was essential it the gunantitative indices were cven-
tial v ro bhe nsed in “he prediction of learning rates or proficiency

lovels,
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Ten devices were cvaluated during site visite to the Flecet
Sonar School, Kev West, Florida, and the Naval ANir Station, Glvneo,
(icorgia. Bascd upon this analvsis and npon exmmination of u number
of utilization mannals, four, major, traince snb-toshe vere identioi
which cut across surveillance training devices., The Pipct eihotae
was procedural in nature and involved receiver turn-on, set-un, and/or
calibration in preparation for secarch activities. The scecond snhotael
involving monitoring of the recciver, resnlted in sipnal detection or
target acquisition. TIn the third sub-tash, disptaved sipnals were
analvzed to permit target identification and cluscification. The
fourth sub-task involved tracking ot the tarpet in order to proviece
continuous or discrete information about tarvget ranve and hearinge.
A1l four sub-tasks were i-adily identifiable in the active, siurface-

sonar devices with which the study was primarily concerned.

2.1.5 Sclection of Quantitative Indices

In selecting and developing a set of qumtitative indices there
was an cmbarassment of rTiches. nce comnilation of the list of de-
scriptors began it was all but impossible to stop.  To combat this

excess a line had to be drawn somewhere. Consequently, gnantitative

indices were sought which related only to criticul characteristics

of cach of the traince sub-tasks identified abhove. Critical character-

istics were those which, if manipulated, could be hyvpotbesized to exerrs

an apprecianle effect nupon rate of acquisition or level of proficiency. ]

Rascd upon a review of the literature and upen an examination ef

the four trainece sub-tasks of primary interest, tuo sets of indices wore 'i

generated.  The first set consisted of genevic indices.  Pach indev |

within this first set was applicable te a1l of the trainee suh-tashs g

as well as to the task of the instructor. The generic indices in-

clnded: 1) task characteristic rating scales: 2) o disnlav evalaative 3

index; and 3) a variety of panel lav-out and tashk-tvoe indices . Tha '
15 i
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end et conr ] wpec T e dicoes whiich were doveioned to provide

(a3

o

For o omore doetal o b hiciert vt ter o el o the teainee snbetashs, An
ey bt woecend e wrs e ST e s the senee that it wonld

annbv o o Tenst e, Tan o vet o st o e peainee suihatsl g

A Ryfjpy_ﬁg;}p; SN ot al o TA rash o ctaractesistic raring
seales wos solectod from o Ui er v ad b sentes oricinally develtoped
during the cotes o on o VP fgveaene ppoceet I eichmm, Teichner, and
Stenhensor, 1700 0 e voade we ance T el e desicned to o deserihes
tishs per woy Do bendent o s other saior comnoaients of performance,
the operator and the tash oenvivomrent o Seveloment of the seales pro-
cocded frow aodetinition which areeerpreed the toam Mrasl™ into several
componient<:  the coad, resanases, voeoeed e s bt oand stimlus -

response relations vips, o Several e ing seatos vere developed for each
ot these conponents, and soali-seate ctndies vere perforned to nssess
inter-iudge reliabilitios, Vo e discassion of the tash character-

istic approach s given o veper e Paring and Wheaton (in press),

For purposes ol the oresert stundy the rating scales were renssessed
with the survedllince sab-taslhs in ind, Where possible, o change was
nmade from vationg the magnitade o o characteristic (on a seven-point scale)
to actnally commting the quertity ivwoived.  bor examnnle, rather than
rating the nunber of resoouscs reanived so prodoce an ontput mit, snch
responses were countaod. Consegquent v, the resulting jnstrument was a

mixture of rated and counto!) charccteristices,

Athongh all ol the scales wavided amamtitative information, a
fow of them were actually hazed o pmalitative distincetions. Tn these
cases the different qualitative states wore as:sizped arhitrary values on
a nominal scale.  bhetinmitions Tor cach tach characteristic and the asso-
ciated ratine scales aye presented an \vmendix A0 The tack characteristic

indices enploved in the present <tn’s incinded the following:

1!
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a) Number of outvput nnits (11511

b)Y Duration (MIRA)

¢) Number of elements ner output nnit {111
d) Work load (1.0AM

c) Precistion of responses (PRI

1 Simultancity of reovonsces oy

#) Number of resnonses (N0, 1)

h) Rapidness of feedback (FFED)

i) Response rate (RATI)

i) Tutorial dependency (THDE)

k) Na+tural dependency (NADE)

1) Operator control of the response (CND)

m) Variability of stinulus location (VARY)

2,1.5.2 Display Bvalnative Index - Over the last decade 2 numher

of attempts have been made to trarslate buman engineering nrincinles intn
guantitative measures. Among these has been Sicpgel's Nieniav Fvalnative

Index (DET).

The DET 1s a measurc of the cffectivencss with which information
flows from displays via the onerator to corresnondine contrels, The
index vields a dimensionliess numher which renresecnts a fioure of nerit
for the total configuration of diyplavs and controls heing evaluated,

It was originally derived from a et of assumntions abont what con-
stitutes efficient information trinsfor in Jdisniav-control svetems, Vor
example, all else being caual, thet svstem i best which has the prentoess
directness between the information transmitter and the corresnonding
controls, cfficiency heing roduced where the onerator has to transforn

information hefore taking action.

The potential value of the index has heen demonstrated by jts wide
applicability. Surveillance, fire-control, and cven corrmnicatione

svstems have been quantified with it (ec.o. . Siceel, "ichle, § tedarman,
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19620 Siegel O Toderman, 1967 0 Moyeover, the index has been partially
vabidated, oo, ot toanlocmenty by human envineering oexperts {(Sicpel,
Miehte, 5 Foederman, ntn 19e 0 e wos deeided, therefore, to inelude
the DEE it the curvent nrodec* with o view townrd oxtending its pre-

scriptive-predictive potential to the desipp of trajnine Jdevices.,

Sobosos el Lavoonr and Tast-Tvoe Indices - The indices of
lowior, Sl o TSy e Jesiopned o nrevide desceription of two diF-
Ferent aspects ol ooman achine rash, dine seot of indices is nsed to
neasare, in perconiace, the extent to wvhich generval huiman engineerine
principles fwee been applicd to the arveaneement of controls and displave
on o oconsole,. The second et relates to the degree, again expressed as
A percentage, to vhich Jitfferent onerations or "rach tynes" are embodied
in o particular operator console.  These imtices can vary independent Ty
of the DL which does not addreess itself to panel arrangements or tvpes

of panel operations.

(v tae present stidy one Tav-ont index was nsed, the "total
sequencing score’. Four "task-type” indices were emploved including
the toltowing: 1) an "alternative action sub-score': 2) a "breals in
operation scanence sub-score'; 7Y a “frequency-of-nse score'; and
A oan Uimportance-of-nse score” . In addition to these major indices,
certain meastures involved in thetr calcnlation were also used as descrip-
tors,  These inclnded: 1) total Tink value; 2) mmber of controls and
disphavs: and 3 total anmber o response actions,

2.5 Miscellaneons Generice Indices - To roind out the initial
set ot generic indices, seven additional measures were cennloved.  Respoase
actions were broken down into the following catepories: 1Y mmmber of non-
noreitl repervtoire responses (Foltlev, 19617 2) number of control activation
responses; 31 mmber of feedbach vesponscs: 4) nnmber of information acqui-

sition vesponses; and 3) mmber of instructor initialized responses

16
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(Mackic & Harabedian, 1967, ‘twe additional indices were the mnabher oo

redundant information sources processed simnitanconsiy (Mivabei o, jons

» <

and the time permitted for sub-tacl completion,

With the inclusion of the scoven indiceos just deceribed, the cone:

set consisted of 29 separate peasures,  This et vas deemed ecentat e
initial work in terms of both the mmber and variety of deserintors wiich
were available,

2.1.5.5

SL‘.‘&Q_‘EE,_‘.IL“.."SS.‘*. - In addition to eeneric indices, which
cut across both training devices and traince sub-tashe, an additionn!
set was sclected,  Indices within this se* were specific to surveillace
trainers and to certain snb-tashs within those trainers, The items were
sclected because they appeaved to have imnliciations for device desion
decisions and becanse they appeared to be directly trmslatable into

trainer design specifications,

The 15 specific indices developed for use in the present study in-

cluded the following:

a) signal persistency expressed as the ratio of phospher
persistence to the ping interval;

) range in sigral to noise riatios,

¢l hearing control-display ratio:

dY range controi-displav ratio:

¢) number of fracking dimensions:

Y variation in target range;

2) variation in target speed:

W) bearing error tolerance:

1) range crror rolerance,

1) numnber of cues available for classification:

KY number of classification cnes appliced siraltanconsly,

1) number of false tarveets nsed;

PR
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] mlorareet to pon-tarcet ratio dinving training:

nronreeher of comtacts oner ninute: and ;
: ol eameneine o nroblon serparios, :
\
E( S oanterest o not dibrees yorelevant to v deseription of B
; trainee tashe vere o sdditiong ! indices s Ttoar of those were hinaey
1 Jesceriptors apd related toothe o ase of D erent treginine techniones, ‘
' Prose pnebelod wrateenta o Cor ooxarnle ) aboar the nse of teaining tanes ‘
? adapt bee techiianes, nartctas! tininge, nrahles Ureeze rechnianes, ot
1 Atovether thoereore, 20 venecic indices, 15 anecific indices, and o ;
trainine tectnione beseriptors were axsenhled Sorolater nse.
Sobot oApplication of Tedjces
3 B
Fhe weneral and soect e indices discussod above were annlied
to tash-analvtie daia collocred on three sonar onperator training devices 1
. onse at the Pleet somae <School ) tev Moot taal basc s Florida, The ;
1
: three tratners examined werer the TH 00 penpresentine ~he W/ASLI3R
helicopter stacl, the AN/ 00X 0 and the DIVA, representing the
\NUSOS S conar, Phe 00 apd thie U are destrover svetems, AL three
svstons hove at least sove canabi ity Yor detection, localization and j
classification of sybonereed contacts, Instructeors, reenlar!y assigned
to these trainers, went throng the operation of each surveillince
¥y b
: svstert in the scanence faneht to novice onerators.  Considesrable care
3 wis talen bath Bweothe inst ract s oand by the oleoprvers Lo maintain a
J training rather than an operational set, '
i
Meocediires for ecquinment set-un, Jetection, localization, and classi- 3
freation were toclnded in cach demonstration, Vor ench of these sub-tasls }
the instructor indicated and Gfescrihed every display and control used and
their scanence of ame. his information was recorded on three forms:
I am acrivity tabhle Jdeseorihing the actions performed; 2) an cauinent
GTmetion table Jeseribine the Jianlave and controlss and 3) an onerational :
&
IS ] .
:
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scauience diagram.,  There wias corne Jeliherate rodupdancy voonp < hae

data Farms,  These reshective Terems oo Pl lastyat b Tone = b T ba gy

tion tash in Tables oand

hl g . 00 . - X
2Loand i Uiy ] Ve b 0 e (e

the rerrinine tasks and devices wro nresonted In venendisg g

Tahle 1 shows main Lipe actions on the 1oy ot Cang jneo:

on the right., Table 2 describes the dienlave and conteals covraepo g

to cach Tine of action in Table 1. Tahle 2 inclades resnonse mml oy | canip -

nent refercence nmber, desicnation of coninment oo oo ocontrol ) G et

)

or a combhination of both (BY. Vl=o include:sd are coninment nomeaclatare o

number of hardwire units (nunher of discrete values whie car T vead o oy

a display or entered into a control).  The “In resnonse rencrtoise” colien

$ indicates whether the snecific action reonired te nart of the trginen’

normal repertoire or whether it renresents o =Vill to b acanirsed, The

] "Feedback™ column represents reostonses in which the adeauney of »

poreey Tinge
4 response is confimmed.  The "lmnertance' colurn indicotey the crxiticalire of

! an CTroncous response A " pating indicates that the trainine »is<ion

would bhe inhibited but the crror is carrectahle. V727 patine indicatnc

thiat the mission would fail hut the eorror is coarvectable, Vv '3

: SToratiae

i indicates maximum criticality, i.c., o wrong resnopn<e resulis in doegoe o

: the equipment. The "Control hv instyuctor” colurn indicares instoncss in

; which the instructor maninnlates o contrel for the trainee or tells the

: traince to enter a specific valne inte o control,

!

3 Figure 1 represents an integration of infeormation cantaine ! on

1 Tables 1 and 2. The seouence of actions reguived in the Tocali-otiom

: sub-task ts shown graphically irom Teft to pipht. Sanores deneote setinns
involving nse of a disnlay vhile circles conpote actione invalviae con.
trols.  The main seanence of yesanpnses e venresente by goeanlti’ 1ins
hetween controls and disnlavs vhile contineency rosnonse Sseatn roos e o

dicated by bhroken lines. Coptrels apd lienTavs pres as? By fv ot oot

E starting from the left, to indicate wbhen thev are peed oo 170 ernnmpee of

F TOSPONSCS.,
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( + m)l [esp a1/ s
1
(0 + X)) Al i 0
i 4]

(n

(n

n = puher of dandicot o
m o= number of contraleg

N = the nusber of foruard Tinbe, i.c.,
from contrels to divplave e ot

4 m)u = pumhey of indicators and coatrol- actnally
the console during a particulsy wubetan: b
nutiber of

+ m)1~ = totn) indicators nu! contrnl oo

ZW = sum of weiphts wpplied o indicater.con® oo

90,0 o
PR

conyted Myegeo

to rectangles repreosenting opevetor (Jobs neees

'

weighting proc:dures wre defined in Sie )

Z/M/ = sum of ahsolute vilues of e tehes Dt
and control resolutivi:

Q = total numher of disployv and consrol cleen

trols and displave (c.p. in the

LR

complished by pmnipplating cevarate benvin

DR A

which can be thoucht of as {vo elenent: of

35

n_ = mmber of boxes and triangler representine

intervene hetueen the reading of indicntors

pulation of controls, yhere (rionrles are ureld to

"and' pates and "or' gates.

Following the procedure ouilined in Siceoel, ot al,

14010, Jees

A S|

ts for

1
aoein

nre

T

inforpation

established.

Tables

analytic data Tor cuach sub-taslh of cach tyaiving devive vere o
transfer chavts,  Vyom the clard o, Plee e Tt

Then the approprinte Tovrorls sues weyc ohtain :

DEIs calenlated,  There procedures are i17ustreeed iy V) ‘
3oand G (Livd charts ove precentod Toe o che o e o

devices in sppendix 0.)

v

s

e
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A CONTHOT
1§
3
f Ecl Power knob
f} ¢l Frogquency bnob
122 el ACS Panel Jin
i E Operation selection
fistep rain
[Listen rector 1)
TV IEeO foain
Peception direction :
\idio pain
3 .
) I
1 Pange Lilovards
A . 0D [P .
§ 1 29 Tarphones (n c12 Fapand swoep
! f Eg-](. Sonnd vel, temp,
4 Ac:l Mag, North vorvec,
3 )

{E v R Fingl chn e
I 20 Bearing (n ' :;(\) Rearing <on mﬁ' R

Ranpe control
'

ACZJ PPl focus

c25 PP1 intensity

c26 Cursor intensity
c27 Test osc, amnl,

: I 20a Range m

I 20b Mag. North

] 1 15 Dome scated O
k

Raise/lover phone

Seat

1 I 19 Trans. depth .
Toggle switch

.-r-———-—-’

I 18 water tenperatur Foot -pedal

"mike' £y

; Pienve 2,0 14E1) Toelisction Sub-Taslk Link Churt

i 26
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Figure 2 shows displays on the left, controle on the victbe anl

intervening process svmbols in the center. “onaectine thoos

Qv “hatl-
are links which indicate the dirvection of dasn “low,  <Solid 1in

extending from display or processine svebhols (oo dodoraat o i)

o [T

These dmply actions hased npon displa voadinn oo bty peoes e

by the opervator. The short solid Tines wvhich terringte on o vrocese-

ing or control syvmbhol are instrinctional links., There implv actions

taken on the hasis of instructions or stored inforvirion,  The Jdotsod

lines extending from controls te displavs are corroborative (i.c

feedback) links. These imply that the operator i< cheeling the ¢

fects of some control action,

The number within the display and control syrbole indicares *he

numhetr of different values which can he read or manimlated.,  Vers

exampic, T2Z is a PPT which, fo» purposes of adinstine the Pearine

and range wheels, takes on a total of nine valnes, i.e., the cursor

can be short of the target, hevom! the tarcet, leadine the target,

lagging the taveet, on the tavpet, leading the tarcet and short,

leading the target and long, laoging the target and chort | oy laceine
the tavget and long. These nins states are associated with the [inls

going to the upper two "compare' hoxes. lowever, for purposes of

Setring

the veception divection controtl, the 'P1 takes on three values, §oo

SN e

the scarch scctor will either coincide with the tareet sector, lead i3

ot
or lag it. These three states are associated with the Tint caine 1o 1)

{ o 9 B YofD

"and' pate.

The number of clements per display or control i indicared in

hrackets next to the control o1 disnlav svmbol,  The antervenine svedials

inclonde three compare boxes anc two "and™ cates. Phe urper two rect e les

for example, designate that the trainee commiares cnrsor nesicion jp bhegr.

P
ing and vange with target position.  The "and™ ente Bocionnres that che

traince combhines video and mud o intormation to et the Urvesontion Jiveg.

tion" switch.

"
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Tabhle 3
MEL Link Table for the DET0

Localization Sub-Task

getay Lnfe, - Lengoel inde, Link
Link Link N, o, Mo, \o, MisMatch Weipht
No. Type  States Digits States Nigits ‘\%l (Wt)
1 INEO 0 ,6% - : 2.0
2 INST a0 LO5 2.0
3 1IN & LOS 2.0
A INST G U 2.0
5 INEQ 3 .18 1.0
O INFO 3 .18 1.0
- N ghl Q .96 N0 0.0
3 INFO > b8 1.0
9 INFO 2 .o0 D .30 1.0
10 INFO 2 o0 0.0
1l INIO T8 .18 .30 0.0
12 CORROR 2 . A0 0.5
15 INIFO 02 1.86 -2 1.86 2.0
1.1 INEO 2000 5.48 2000 3.8 2.0
15 INIO 2000 35.48 2.0
16 INST 2000 3.48 2.0
17 INFO 3 .8 S 70 ) 1.0
18 INST 2 .a0 1.0

I/
T~
=
~
]

A2
=W, = 5L.5 0 (Bach box receives a Pink weight of 1)

1. Number of display digits for linl 7 = number of display digits for link
5 plus link o,

2. Number of display digits for lint 11 = number of display digits for link
S plus tink 10,

28
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Tahle 4

NEL Worksheet for the 141°10

LLocalization Sub-Task

P (1 +ZwW) = 35.5
2. = 1.0
(n + m)u 10,1
3. (n + m)t = 32.0
4. N = 17.0
5. = 11.0
6. n 5.0
O e — i e =
7. (Q + nn) = 16.0
8. N(n + m)t[Q+nO) = 8,70.4.,00
OAN N + m), (Q+n 3 = 03,30
10, Sum le' - 52
11. 1/4 Sum 'MJ = IR
12, exp (-1/4 Sum) = .ag
(n+m)  [exp (-1/4 Sumlﬂ.l)]
DET = L -

+ T (AN (n -
(1 W) [V N(n o+ m, (0 ]

10) (.88
= R R 050 eensS = LON26568
(35.5) (93.530) = o
20

it

Ry

=

e it e T e RN

e i

a e SN
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Pahle s deseribes in detall the Tinks shown in Figure 2. The
description inclholas Tint tvpe . namber of values which cin he read
froo the associnsed dicolav aad/or entered into the associnted
control, mismmiteh hoetwesn Shose mmbers in digits, i,e., absolute
dierence between woamhor of displayv dicits and control digits, and
Pink weleht. The appronriate D sums e indicated at the hottom of
the naves tahile U ois o worl sheet Jerived from Sieeel, Miehle, and
Vederman (Ton2hy,

Dot el Lav-tat oand Task-Tyne Indices - Fhe task annlysic

data chown in fatle 1Toand 2 and i Fienre 1 were used to abtain valnes
For cight panel Tave-ont and sasl -tepe indices. Oty eeneral methods
tor dervivineg indey values hee heen Jdescribed in the present rveport, A
thorouph and Jdetaited deserviption of these nrocodures has been provided
clsevhore (Fowler, et AL, TanNy,

biny of the indices develoned by Towler, et al, (1968) are based
umon the concept o a Tinl, Y Tink is detined o= the hand movement
botween two controls amd the ove movement hetween twn displays or
hotween o displav and o contyol.  In Fignre 1 Tinks are shown bhetween
the displavs and controls enmloved in the 10710 Tocalizaution sub-tax!
Links invelved in the nain sequence of actions are represented by <olil
lines. Those occurrimg in cors neency sequences are represented hy

biroken Tines.

The first step an deriving many of the irfices is to convert the
informrtion shown in igure 1 iato o Tirk Value Tale (Tabhle 5). Iach
Tinl i Fignree 1 ois Tisted v evded form in cohieen 1 of Tahle 5. The
st mmber in the code refers to the Cisnlav ov control from which a
given Link leaves.  The sccond number reters to the hardware comnonent
which the Tink then enters.  Tn colurns 7, 5, and A of Table 5, the {ot-
lowing Qata ave recorded Yor each link: 1YV the mmber of times the 1ink
is nsedy ) the relative percentage of nse of a Tink leaving a given

control or displanvy amd 36 a Link valne vhich is the prodoct of data

an
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recorded tre the cocond ot thivd colmmns. In ocolns 5, 6, 7, and 8

) ) R}

o Dable S chiedkh marhe e eptered fo inlieate vhether each l1ink value

tar 1) the maxire abne Teavine o contrel and entering a display
(Pabte S, binb b2y 00 thee maximn: vadue entering (Table 5, Tink 1-3):
Soothe moxarmen valoe tonvine (fab e S0 Fink 3-0); or DY none of the
ciases dhove tlable 5, Tink 1-0).

Fhe indormation in Table & is nsed to generate a panel lav-out
diagram in which controls and displhavs ave orviented according to a
sequencing princinte/technigne. Based upon this principle, displavs
and controls core arvaneed Crors Tel't to rieht or top to hottom according

to o series of miles deseribed by Powler, ot al. “1968)0 A panel lav-

out diugran Yor the PPN localizatrion sub-task i: shown in Figufe 5.

Solid Tines indicate links whic™ move from Teft to rivht in nccérduncc
with the seqguencing principle. Mrolen lTines indicate links which move
left, divectIv up or down, or weich move right but bypass one or more

controls or displava, These latter tinks are in opposition to the

sequencing principle and represent breaks in the operation scquence.,

Three indices were devived from the data contained in Tahle 5.
The first of these was the total number (N) of displavs and controls
nsed in pertforming a sub-tash., or the TIELIQ localization sub-task
(Table 53, N cguantled 0. The <econd index was the total mmber of
response actions (FAY compriszing the sub-task,  In the 14E10 localization

sub-tash TV ecqualled 210 Finally, o total Tink valne (1\) was obtained

for each snb-task. o the examnle being nsed (Tahle 5), LV cquatled 1354,

Based npon data contained in Fionres Foand 5 and in Table 5,
five of the maior indices descrvibed by Fowler, et al. (1968) were
derived.  The first of these () espressed the degree to which the
seanencing nrinciple was applicd to the console under consideration.

[t was catentated Trom the Toltowing formaia:

e ey T T T T T T T T I T T e e

ARl e Srbsiambenfid ML
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3 , OR . I,
i 5% IO - e [0 e ] ,where
s OR I
AN SN
& o o 0 im0 = g e e

A LV ranus total linh values which ave breaks
in che oneration sequence on the actual pancl

HRll = e ns o above from the pomel lav-ont diagram
BRI : ’

(lieure 30,

I Totral mumber of sequencing lines on the actual panel.
PN Gotal pimber o solid Tines yvepresenting left-to-vight
Finks i the namel Taveout diagran (Fignre 3).

For the TR o toealizott o osnb-task

i . NONE 1 s
w2 en - R e L Dy s e,
8173 |

Vosecond micior index (AN reflected the oxtent to which the

sub-tash anvolved fow or many albternative action choices ont of cach
hardware item.  The percentace P alternative actions present in o P

panel operation was eiven by the formnla:

AN - AN
A% = 100
A o “min ) , where

AV L
max ain

AN = the total link voiue (LAY for an operation

Amw\ LONTAY, where TV = total mmber of response actions ;
AN . - . :
\A“in . IUH(Cmr—\,hhorn .= mmher of controls and displavs.
" N
In the TIVID localizatior sab-tash A = 20, N = 10, and
]—S:ol | MY A
A (R TR I P o | = f‘(\'{,_
i 00 (= g o ’
Vithivd major index, brecl s in operation cequence (BOSS), expressed
the Jdeeren to which it wasg necessary to emplov controls and displavs
alveady need within the scquoence of operations, or to use controls and
Jisplavs emnloved prodomnant [y during Tater stapes of the operation
S
)
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sequence.  These "reversals” or "jumns' vepresented breaks in the oner

ation sequence and were reflected in the following formula:

100 BOS.

TS :
My

BOS. = 100-( wvhere

BOS = the frequency of links which are "reversals' or

"jumps”

BOS = TA - N + 1
max

i

Tn the 14110 localization sub-tosk

00 o1
15

) = 70

ROS% = 100-(

A fourth index (F%) related to the relative freguency of use of
display and control components. [n cssence it vepresented the dearee
to which the use of varions components coincided with their arrange-

ment in optimum reach envelepes. The index was given by

1008
= 100~ (o) . where
max
P FAl 1 —:[1\2 -1 . -l.-'\:_ _ (w]\ -2
N/3 NS N/ 3
I = 4.]_.[\ -4
max N
TAl, TA,, and TA. = the tctal actions for cach of three

gronps of controls and displays with ecach group containing one third
of the total number (N). The procedure nsed to establish the greours

is given by Fowler, ct al. (1968, p. 22).

™ the METO localization snh-task

g . A0
B

e 100 e e
] Jop=4 5.00
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Utinal index 00 ) was derived frem inFormation shown in Tahle 2,
This index indicated the deores o whiclh fmportat hardearo comnonen®s
vere locate b vithin JiYcrons tones of the panel,  The index was given

by the ol

[ Iun-(l- Al . vhere
Yt
| ll\ . ,.;' ! I‘ N7 & g !!' - \./’;
| ! : ! ! i
| ' |, . '
[ (008 < s nd e N3 -0
[ LAY )
oy T b = rthe samber 7 contrels ond displavs receivineg

X |
inportance ratines of three, v, or one (Table ).

oV N

o the TAPTO loc Tinatiog wnhe ol

tn - 1.5.3

1= 100 i BB T
LT

200005 Additional Indices - herivation o values for the remain-
ing ceneric and specific indices was etraipght forvard, Vialues for these
indices were ontained primavily either from insnecction of the tyvpes of
Jdata shown an Figures 1 and 5 and Tabhles 1 and 2, or during de-briefings
with instractor personnel,  As will e discnssed later, however, not all
of the reaquived information (i.c., Jisplay/control ratios, signial/noise

atios, phospher decay rates, etel) was readily available,
2.2 Predictive Merhedology
teneriation of o set of gnantitative indices for the description

o trainee (ov insgroctor) tasks iy only the fivst ~tep in resolving the

training prescription-predictionp jssne,  Given a set of indices, attention
| !

;4(1
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must he given to their utility as oredictore of Joariing 1 aice o pe
ficiency levels. The ability to make el vedictions ., @ ter o]

the nltimate pnrpose in a“temntin to develon ot irnt ive ot

analvsis methodology,

tlee of the indices describied above ro aredice Tearnia v e

),

proficicency levels on actual Mavy tyainine devices vos bovan e ae e
of the present cffort. MNevertheless, it vas Pelt that o e onsteat o
of the predictive methodology vonld he valnable,  Ycceordinede oo
dictive® sitnation was arranged. A mumher o lTearnine stadice hoviae o
common performance measure were ahatracted Trom the Titerntine apd
described in terms of a selected seot of cnantitative intices, Mo
purposc of this cffort wias to deternine the Tensinilityey o nsin:
guantitative task characteristic indices to nradict Tearning soene on

proficiency levels on different tashs,

Five major steps vwere imolved in the nast-dictive overcise,
These included: 1Y develonment of a recression =odel:s 2Y cojection of
tasks; 3) sclection of criterien measnres: (v celection G e e iom

of indices; and 5) data analvsis,

2.2.1, Vegression Model

A multinle-regression model was Jeveloned in which tos? ol oo
istic indices were treated as nradictor variahieos., The model wee Toaeed!
upon the premise that the indices conld he used to nredjcr avoraee lTosme
ing rates or proficiency levels on Jifforent tasle, "here cere ten
restrictions on the model.,  Tirst, tasls had 1o be deserilod pn cerne of
the same seot of indices.  Seocond, tashs bad to share o consron seunep o
measure (c.g., time on target, probability o detoection, ose Vo The

rationale involved in gencration of the model fe¢ nresentod Heloe,

*Postdiction simly refers 1o the Uact that oxiatine cricori oty v

nsed, whereas an nrediction, areaneements ve ool ca ety e e e
cordance with some speciiie canoriqenta] doop oa . Toerth e e LY
precice control over many v iabloa inoardes o i ey e

set ol data for apalvsic.
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In the conventional prediction problem, subject chavacteristics
(o.e., aptitode cr arility test scorves) ave treated as predictor variables
and cave used ro nredict how individuals inoa pavticolar group will per-
to g malriple-rearession canation

Yorm oon g specitie taak s Ehibe Jeads

vhich cun be represeoted as:

Y, ? gl + o0 N a LN, L | IPU O (g, )

il 10 111! 171 16tk d
whotre

A\ predicte:d oertformonee for tndividnal "1 on task |

11 ' '

:ll_ = peoression coatUicient tor the Bl predictor voriable

A !
‘\';.‘ =oscore o individnal it oon ovedictor voariabhle TR,

E the subject nredicreors o Voo |owere all <tandardized

10

mean ot the observed criterion measures.  In D-score form the revression

variables while the seasures \'.l\':m‘o not, then a,  would equal Y] . the
1

cquation vould he:

Mq. 2

+ -

s e s il”\_.lk .

Fquation 1 or 2 would provide informatien on the relevance of
virious subjoct charvacteristics for predicting the performance of an
tndividual op task 170 But task "1 has 1ts own characteristics.
These characteristics are fived, That i<, thev are constonts which are
1

not represented an L. 1 oor gl 2, and as sneh they cannot inflnence

the predictor coefticionts (a1,

11
Suppose, however, that the original ¢roun of individuals per-
forms on a second task (27,0 v addition to Va, 2 there will now be

another mltiple-revression cauation:

Yoo = N e a7 . . A
P > a1 T e L, (s 1
30
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1f the two cquations (Lg. 2 and ta. 37 ditver only with reopecr 10 the

first coeftficient (Tl and Yo, and the rasts hove Leen senerneg)]

SR B P N

of some common performmes 2ctric, then this i< ecanivalent to Jindine o

significant difference between means,  The di{ ereqce hetween vons oo

only be "explained” in terms of ditferences hotveen the tashe the vl

(S
(In the present study the atrempt has been made to represent these Jdi40-

ferences quantitativelv, in terms of the tas? characteristic indices

If the concept of differences hotween tashs and conscanent Jdir-

ferences between means is extended to o set of tusle, performed 'y e
same group of individuals, a variable (Y1) is crented. 1t con he

hypothesized that the specitic values of this variable shonld b

‘\’"-" -
dictable in terms of task characteristic indices. The mnltinle-
regression cquation wonld have the following “orm:

Y =bh o+ b T + h T o+ 00 +h Ma, 4
mn no mi ml m2 2 mnemn

wvhere

in = predicted mean performance scorce on tash e
(c.p., ?] it Ta, 2. or Vaoin Ual 30 octe

‘mn = reeression ¢ootftficient Tor the nth tast ialis
predictor virinhie

s index value for taskh "' on tast jades p

Fquation I, theretore, wa oxplored Jnringe the nostodictive stats,

2.2.2 Selection of Tasks

Four criteria were estabi-shed to aid in the <cicction o sontie:

which could be nsed in the post-dictive exercise.,  he fipst ceitorian

arosce from the need to express “he nerformance mensures in feyes

A0
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| conmon metric.  Vonsequent v, onty those studies were considered which
( rerarted o Upereent time on tiorget' perfornance measme. these were

: sticdies o owhich varions treachine rasks were emploved.  The scecond

: criterion regnired rhat a tearning cnrve be reported in which data

woere available for at least ton dilferent points in time, A thirvd
criterion was that each Jdata point in the tenmine curve he hased on a
minimum of 10 ohservations.  The Fonrth and fipal criterion was that
there conld bhe no chanpge in experiment:al conditions over the conrse

of the Tearning curve ool administration of o Jdeg alter the 3 fth

session, ote.,

Approxigately 050 stindies were examined in terms of the four
criteria. Prom this sample o <ot of only 22 studies met all four
criterial These studies represonted the following Linds md numbers
of sinple Taboratary tracking tashs:

i ) rotavy parsait (60
1 Yo two-hand coordination (Y
L

c1opedestal sight wanipnlation (3);

)

d) spectalized tracking tasks (3):

) radder controlb 12
':' ) tnrret porsait (1)

el nitot sirmlator (1)

Wy Towa pirsuit apparvatus (17

i} wheel tnening ().
; This sample was nsed as ¢ bagis for generating the desired regression
cquation,  The specitic stindies which were emploved are referenced in
" Appendix D,

10
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20208 LETBETION NOOSES!
The bhasic Tearning data for cach of *he 22 ctndieos consiorgl!
the percent time on target (“TO1TV attainced in relation to the naedor oo
minutes of practice on given tasls. three fvpes of criterion consares
were derived from these data including:
5 1. the percent time-on-target attained after 1,25, 5, 10, 14
g and 20 minutes of practice:
) 2. the amount of practice (expressed in minutes)  required
3 to reach TOT proficiency levels of 417, 317, 61",
; and 71°%; and
: 5. the increments in %107 after 10, 15, and 20 minutes
g of practice against a “T0T bhase-line at {ive minntes
! {c.p., °T0T at 10 minutes minus “TOT at five minntes, ctol)
. The first two sets of criterion measires addressed themselves
; to the cffects of practice on proficiency levels. The third seot wos ;
employved to obtain measurcs ref ccting rvates of learning. These 3
measures were adjusted in terms of an eavly level of proficiency in an g
attempt to cquate the different suhject samples on early «1ill JTevels %
i
3
Unfortunately, all twelve criterion measures were not availahle
: for cach of the 22 tasks sampleld.  Por example, subjects in =oe srudics
1 fuiled to reach 715707 in some studies 20 minntes of practice wos not %
; given. The net result of this attrvition was that different nunbers of %
studies were available for different criterion measures,  Peciause the ;
K
sample was small to begin with, criterion neasures were emploved oy é
which a minimum of 18 <tudies vas available. The three criteorvion neasiares i
Finally cemploved were:r 1) WTOT after five minutes of practices Y the i
time (minutes) requirved to reach a TOT level of 0170 and ¢ the inere- ;
. ment in VTOT hotween five and 15 ninutes of nractice
Fi
1
|
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Fhe twen veacuns teachine tudies were ohtained in their ovipginnl
Forms rom the Titeratnres wlen rotorences wers ¢given to more commletoe
deseriptions of appavatus these vers aleo acanived.  fach trackive tash
wias describhed in terve of Ia cacl choeacteristic vt seales, th

i e

seales were coplicd o two tenined caters vhoovort el Gedependent Ty,

fpon cormtetion of the ratings, the resulty were compared and

an avertaee setoof ratines was o Jderived foroencl teackine task under the
rollowing vates. the two protines on each seale were averaged if they
et o mare than two points apart, 1Yo ther diCPcred by more thian two
points, thev vere diveussed o the presence of a thisd rater who served
asoa rinal arbiter, Approvimatels 25 percent of the 396 ratings (i.c.,

IS indices applied to 22 tastb<y voauired arbitration. Tt should be noted,
parenthetically, that Tive move acnles were appiied to the 22 tracking
studies than were used to Jeserine the tratnee «ith-tasks in the sonar
Seainine Jdevices,  This inererent resulted from the nse of cortain in-
Jdicers (eLge, deegree of mveular cffort fnmvolvedt which seemed germane
to the variety of tasks 2ampled frem the Titeratnre but which did not

seem relevint to swrveiilance sveten sub-tasl s,

The DIT and major panel Tav-out indices conld not he applied to the
types of simple, lTaboratory rraching tashs taken from the lTiterature.
Yevertheless, an additional ser of 10 indices wag alsgo applicd to the

tractine tashs gnelnding such deserintors a<t 1) mmber of tracking

Jimensions; 20 pumber of control elenent st oand 3Y mmber of disnlay bits

Consequent v, oeach of the 22 caske wns deseriled in terms of 28 indices,
In reeression analveis | however, the number of predictors shonld

aover anproach, Tet alone exceed, (b nnmher of cases sampled.  As the

aueteer of predictors approaches the nnmber of cases <ampled, the =nltiple-

resression cootTicvient becores sprvioasly Tavee and uninterpretable,  in
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the present study, therefore, five rating-scale indices vere selecred b
as the basis for once analvsis, and {five "mmn-enginecring” indices |
: were used in another analyvsis.,  Indices weore selected from the totq] i
set of 28 on three bases: 1) hyvpothosized relevance to the criterion ;
measures; 2) relatively low inrercorrelations with other imdices: and :
3) normality of distribution. E
]
The five rating-scale indives inchuded: ;
A} degree of muscnlar ceffort involved (MISCY %
b} simultancity of responszes (SIVI) :
. ¢) number of onfput units (N1
: d) number of responses (N0 DY oand
: e) variability in stimdns location (VARSY
The five additional indices selected Yor separate analyvsis
included:
i a) number of tracking dimensions  (TRACY 4
' b) number of contral clements  (UONIY ;
¢) nurher of display digits (18D ;
; d) Tength of duty cvcle (PUTY): and %
[ c) ratio of npractice time to dintv cyvele (WOREY, ]
2.2.5 Data Analvsis 1
Six multiple-repression analvses were conducted by ovaluatine the
two independent sets of predictors in terms of the three criteria spe-
citficd above. Three additional analvses were also conducted in which
predictors from the twe Jdiffevent sets were conhined.  The rultinle .
regression coefficients were gencrated by perdormine Tivcear stop-uwice :
regression analvees.  ATL analvses were conducted on oan T8 L0 Gape g
puter using standavd statistical programs, !
{
1
%
1 15 !
3
if

g . = x..md“
s gt Ut bl I o L R P FETIRCTTRRE L -
b TR a :
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Soe MTURL R AN DISCHSS N,

) P el ¢ et o ey s e deserihed annd discenssed
1 this e dom, g Syt o et concea s the attennt to apply

queent o i ot meer i abrgined Fearn o analvsis ol
3 tritne o comae trgengne dovices . The second set relates
Fl (U080 SgogR RS GO Sraiiees b et e tmde et alen,

o [ a B 1 -

Task Cotie dntorert pen was sderived inoorder to apply fwo dif

Yerent sots o rt gt e ol e Aeneric indicos were used which
] cut aere st onee s gst e ey were cormrised of DETC panel Tay-
' autoand tastotene, cotine-senle, and miscellaneons mdices,  The
: coamd wet o indie s were e speciie. They were relevimt to some

hut not to ol vd b teadnes chatas] s,

f Ao denerte indices

3

st —anatveie data obtained from sonar tratning Jdevices were
Coand misceollaneons index valaes

" used to derrve the "himan-enyineering

st ced i Tt te bcand che rating-scate index valnes shown in

A Tahle 7. In both rabdes, andex values are nresented for cach trainee
{ aitheta boand Jdostee s Me s vatees Tor oeach snbotasl oare also shown

to Facilitate ovamination ol (e data,

Sololob vienlay Teabaative Index - e oshown in Table 6 the PP

aepeasts to o diaerieinate ve b hoth oe and within freinee sub-tasks,
Povwent intormation transdor ceral lost BE 1 valnes) is shown for the

set-up oand cliesitication sab-tashsa, The relatively low valnes for
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chissificavion verlect the poor claseitication performance which has
Peen renorted both toe prssive and active sonar snrveillance (Levy

and Mirabella, Jaas). This resnlt lends credance to the diagnostic
value of the ML arther crslanee s obtained from a comparison of
the vabies desived o om ooviginal and o revised set-np procedure on

the TS, The orivinal seqruence orvea to the ravestigators by the
P insternctor ineloded siens which aopearved to bhe inappropriate
Croes, usine controls instead of indicators for feed-hack) and unduly
repetitive.  Thevetforve, the orocedinre was revised stightly, and the

DY revalenlated,.  The ontcone vas an improvement in information

transmisstion,

The BET vequires Jdetailed tash-analvric information for its
extraction,  Given that information, bhowever, extraction of the DET
is for the most part voutine, The major difficulty encountered was
Jetermination of the number of svates which controls, and in parti-
cilar, dispiavs conld assume.  \n example of this problem was deter-
mination of the number of disnlay states for various uses of the
P, To deal with this problen o number of conventions were adopted

vhich were consistent from anaivseis to analvsis, Other analvsts such

as Siegel, heowever, possibly might have apnlied other interpretations.
For eximple, when the ' owas used for tracking, a nine-state displav
was assumed for hoth bemvine and ranee controls., Whether the operator
was mmipulating his bearing o range hand-wheel he had to "read"

CHTSOY position Yif-}mﬁjf the “arget in one of nine basic locations

(¢.v., on hemring, leadine, lazging: on rimge, short, long: and two-

wav o combinations of these).

In generval, however, apnlication of the DET was straight-forward.
Values could be obtaired fairiv anickly, reliahility did not appear to

he o problem, and the index differentiated snh-tasks and devices.  The

106
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DET possessed diagnostic value and was htuitively satisfying, vorvino

in accordance with subjective impressinng of sul-tael JitSicnlty,

5.1.1.2 Ppngﬂ ley~0uj_3]3[;[Qij:j}jlgvljuliy}fi = The scven piuned
lay-out indices shown in Tahle 6 also differentiated hetween and
within sub-tasks, The Targest mmher of responses (TAY and controd
and display components (N) were found in the set-1p stth-tiusks | while
these same sub-tasks also possessed the Favgest Tink vialues . nr
interest was the fict that fairly Targe Tinl values were also found
for localization and classificnrjnn, suh-tasks involving few displave
and controls. 1In these cases the Targe Tink valnes reflec od the
cyelic or repetitive nature of nerformance. Fower controls and displave
were utilized than during Set-np, but thev were cmloved more {ye-

quently,

Values obtained for the sequencing technique indey (S™Y cun iy
from zero to 100. The higher values on this index refloect relativelw
better panel lav-outs in terms of certain sequencing princinles which
are intended to enhance operater performance,  With this interpretation
in mind, two features of the g° data shown in Table ¢ are of interest |
First, within cacl of the threc devices, as one moves from <ot om
through detection, Tocalization, and classification, the «° values in-
crease successivelv.  These data suggest that the sonar stacls hove
been designed to facilitatoe classification nerfarmance, at feast in
terms of panel layv-out, with comronise desipns being emploved in the
other sub-tasks. Second, the 5 values assacinted with the orieingl
md revised 1.413 Set-np sub-tazks anpear te he mverted (i.e. . the
higher value might have been oxpected for the reviged Procedurey
There is no inconsistency howevor, The data Simndy sngeest 1hgr o

one is to revise ap inefficiont nrocedure, one must alen revise the

panel Tav-out npon which that nrocednre is hased,
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3.1.1.5 Miscellancous Generic Indices - The third gronn of
; indices shown in Table 6 vepreserted an attenpt to analvze the ra<uld
numher of traince actions (TA) into more specitic tynes,  these in
cluded:
[ a) control responscs (#0Ng) which were direct manin-
nlations of controls in response to a digpiav
reading, Fixed instructions, or to the instractor '«
directions;
i
b) feedback responses (#1BRs) which renresented divnlov
. "readings" to corroborate the cffects of contrel
; actions,
¢) information adcauisition resronses (f1ARg) whiceh
represented readings of disnlave to scquire in-
formation: and
d) instructor initinted responses (5110¢) which repve-
f sented cases vhen an instructor entered or told trpinees
to enter a specilic value into o control,
In addition to thesc responsc-related indices, tac number of non-norenl
. reprertoire responsces (MNRRs), the number of redinndant information sanreer s
E (#RTs) and the time for sub-task completion (Time) were alseo pscortuine’
4 for sub-tasks in cach device. These three indices are not shown in
Table 6 because they failed to ditferentinte ot all, The four indices
(i.c., a) to d) above) which are included in Table o did not Ji0aren.
tiate as clearly among the sub-tasks as Jdid others previouslv descrited
% Nevertheless, they were casy to apnly and conerated datn o camne interest
[ FFor example, instructor initiated responses were wost ovident armene the
] set-up sub-tasks. The value fell to zere “or localization and olasesi Vi
: cation. Similarly, the information acanisition vesponses varviod noticen® iy
] both within and between sub-tasks.
i 10
(
;
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Acbotob sl Clavacteristic Rating Sceates - Toir of the thirteen
fl. scales whietc vere aonptied to o the tast oanalvsis data are shown in Tahle

! She three weales which are not shown veore sodilied to provide enumer:-
Cove et oo than rating JIaro s Thess sealer correspond to the N, Py, and

3 PR rpdy e o tons by discnsaed e "ahile o,

Che ot stribing toature o7 the data presented in Talhvie 7 is the
“A Aot bty o dndes values acros s sphetash sl ATthoneh some Jdifferentin-
tron Both within and between snl-tast < ix ohtained, 1t i not s pro-
notpeed e thar ctown i Tahle oL TH i o conrse, is due to the fact
] that rost o the eat

e were hased upon seven-noint sciles,  Conse-

] quent vy the vane s of possible indey variation vas very restricted
k cedative to tee vanyes possihle for ather indices.  The restricted
g ange ot vilues which the cales can as<ame is not necessirily o
i Peabibityo Tven withen this sl range different sciale vialues wmay

actictl by retfleoct difrerences in operfornnree,

Insotir as nossible, hovever, the rating scales emloved in the

| present study shonld he revis G0 Yy of the constructs unon which the
3 scales nre based secu valuabio, However, other neans for their quantiti-
cation should be considered,  “ore direct measurereont af these tas!

chartcteristics wonkd not only erhiance index retiability, but wonld nlso

X norEit o grenter range of variation, These modifications wonld resnlt

inoindices vhich are sensitive to ditfferences among Tivly complex tasks,

..

divterences which ot present are possibly heing mininiced.,

S0 2 Cneciric tndices

In addition to the various generie indices described above, the at-

tomnt wos e to annlv o et o 15

snect e and 10 trainine techniane
. Pdrces . The resnlrs were conerval by inconciusive (i.eo, rany snecific
indtces conld not Lo applicd: when they conltd he, thev did not clearty

3 discrintnnte

o tashs s and teoinineg indices were simmly hinary stote-

tonts about the nrezence or abhaence of o “freose” canabhility, Tor o in-

[ SArce Y, fndiceos which contd nos e rveadily apnlicd included ranee in
i

! el to o potae et 08 Y honetige and ranee control-disntay ratios,

and sienal persistency, S5 wne divect v omanionlable anly on the €X, The

R
o A

gt e e Lt Dt m bl LA
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other devices, using tape inpnts, riade nse of upspecified ratios, Uontrol-
divplav ratios presented o problem since rhev varied «with range scale and
iheretore no sinele valie conld he ol-tained,  The persistency index reqgnired
ottt ion about phocphor deeav o rates vhich was not readily availahle,  Yow-
cver, ol b these indices ave potentially available to a svstem desizner and
they are signiticant Yor the teaining process (Corcoran, Carnenter, Webster
SoWoodbomd, Tooess acl e 8 Parabedian, 1963 Mirabella, 1969: YWiclkens &
Cotterman, USSy Short 0 langhev, 1967), Therefore future attempts should

be made to include them in g predictive scheme.,

Phe rerainine T ospecitfic indices (see np, 17-18) could be annlied but
appeared to be o Yimited value,  Some such as variation in tarcet ranes and
specd and sequencing of pro®lems were apnlicable across detection, classifi-
cation and Tocalization sub-task: . These indices nrovided for Tittle diceri-
mination among devices and tor no digerivination within a device (i.¢., nroblen
characteristics were not viaried across sph-tuske within devices), Nther spe-
citiv indices were anplicable to only one ot the four sub-tasls, Some, such
as bearing and ravee error tolerance and especially number of traclking dimen-
sjons did not diseriminate well,  2thers Jdid varyv among devices.,  These in-
cltuded:  pumber of cnes available for classification, numbter of cites nsed
simnltanconsly, numl er of false targets used, tarcet to non-tarpet ratio,
and nnmber of contavts per rinnte. Values for these indices were fairly
mstable, bowever, since theyv were merely rough estimates, given by inetruc-
tors, of the materials appesring on various tapes. Finallv, information
about ditfferent training technioues was of little value for the purnose of
the present studv, becnuse they provided no differentiation arong sub-
tasks within devices, and Tittte i any digerimination among the devices

samp Led,

With tew eaceptions, the snecific task indices apneared to be arbit-
rarily chosen or fixed by ocgniprent design. o Jock of flexibility, in
the taned devices particularliyv, wis erpnasized to the investiertors,

S, Predicrion Ytudies

Sol0 Ratiea Seates
Pive tast o aracterictic cating scales were used to predict the

+

criterion of sercent-tite-on-tarcet 0 TTY) gfrer Yive minutes of

et

]
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Fible S (continned:

No, NOL Pred., "
A TR RS Predictors Criterion  (nses Tsed R R P
11 ST s T
v I5-min. 20 5 .04 .41 n.s.
1. oL
VARS Al at
DS Semin. 20 i .63 A0 <10
DY
WORK
13 Same s SNt
A [n-min. 19 5 .71 .51 <10
[ Same as SOTOT ot
A 15-min. 0 4 60 A8 <05
A number of ontput units
INE simultaneity of responses
NOYLUR number of responses
ARG Jegree o rmsenlar efffort involved
VARS: variability in stimunlus location
IIRAC mmber ot tracking dimensions
CONT numher of control elements
DISh: nimber of display digits
DUTY length ot duty cvele
WORK : viatio of priactice time to duetv cvele
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practice. ‘The resnlts, shown in Table 8 as Analysis 1, indicate a

miltiple B of 0.78 which accommts for 60% of the variance in the

¢riterion measure: the correlation was sipni“icant hevond the 06
level of confidence. This criterion wias viecwed as the initial
level of proficiency (an cavlicr nproficiency fevel ohtained nt 1,24
minntes was not nsed due to the shaller mmber of studies vieldine
this measure).

Thase same five rating scales were then entered into repression

analyses to predict two other ¢riterion measnres: 1) the tiwe re-
quired to reach AT% TOT, and 2) an adjusted “ 10T achicved after 15
minntes of practice.  The latter measnre wias derived by snbtyacting
the % 10T at five wminutes from that reached at 15 minntes, i.c0., it
reflected the increment in S TOT over the initinl proficiency leved,
As indicated in Tahle 8, neither of these analvees (#2, #3) vielded
a significant multiple R (p > .10}, A rentative hvpotrhesis wias Yormed

which sugpested that the tashk characteristic scales had maximm pre-
dictive cfficiency for initial levels of performance rather than ver-
formance levels achieved later in training.

3.2.2 "Human lngincering” Indices

Analyses aimed at predicting these same three criterion measnves

were then conducted using five "human-cngineering' indices,

Iy

These
indices, shown in Table S as analvses 4, 5, and 6, vielded two multinle

R's which were significant at a less stringent level of confidence

(p € .10): the 0.10 confidence level was considered anpronriate "o
exploratory work.

Tl\iu
The two criterion measurce successively nredicted
were the initial level of performance (% "1 at Cive mimntes) and the

time reqnired to reach the 17 10f

level, Contained within the sct
of "human enginecering'' indices were two predictors, diutv-cvele lenptl

and work ratio, which reflectad the distribution of nractice dimension
inherent in all of the studie:.

noexamination of their contyilat ione



SV s e T L]
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Jistrihntion or vractace caeiabde ta he s effective in predieting

cavlirer poestrcreney e ther mp e e ateee i the conrse of training,
Phe remonaiae thvee andvees St shege Sichest predictive efficieney in

vt o the it perfor o mee criterion,

fnocenev el then sl ot b Chnracteristie seanles and three
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ot the "hovow enconcoriee” indic o nerfomed hest i nredictine startine

Peve b ot portorames g e en o nredictive cfficioney Yor fater per-
Foranee were noted Sor the tuo needi e o ropresontine distribntion of

prictiee,

The resnlts Do the anodvses o o thiv point are understandahle

on oaopost boe hsie chen it b recornized thar the ratine scales and

“hiran enerneesine' andices e minly Jeseriptive of the tash per e
amd not o the teainine regiren o conditions of Tearning under which
the tosbowas pertorasd s The teaining variahles were mininallyv reflected
in the two prelictors yepresentine the distribution of practice dimen-
cion: these necerthole - Jdid <how increasing contributtons to prediction
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; The net cffect of comh{hing the scales and indices was to jn-

] crease the multiple R's obtained lor the initial performiance level

! and the 41% TOT criteria, *ultinle corvolnticns of 0,82 (n ¢ .01
and 0,78 (p ¢ .05) were obtained, respectively, The comhined set of
{ predictors viclded no increase in nvrediction of the criterion measure
| of the adjusted 15-minute % TOT nor was the mltinle-carrelation cic-
nificant (py .10). These analvses are revreserted in Table & a7«

and 9.

At this point in the analyvsis it was decided to investigate
further the hypothesis that the rating scales and indices were
primarily predictive of initial rather than interim performance.

To test this point two additional criterion measnres, % TOT at ten
and 15 minutes, were used. The nredictors emnloved were the con-
bined set which had heen mnxiwﬁlly offective for the five-minute
initial level of performance (sce analvsis 7 in Tahle 8). The result
of thesc two Tegression nnnlysvs[lﬁ and 11 in Tahle 8}, lent snpnort
to the hvpothesis in that the nultiple correlations decreased as the
length of practice represented by the criterion increased., These

relationships arc shown below,

Crifrion Jpleinle X L
% TOT 5-min. .82 <01
% TOT 10-min, .74 .08
% TOT 15-min. .64 NS

; Having demonstrated, within the limits of the study, that the

. majority of the scales and indices had their maximal nredictive of -
ficiency for the starting level of nerformance, ane further scot of

: anulvses was conducted to test the prediction limits for interim ner-
formance. TIn these analvses (12, 15, and 1.1 in ™ale 8), the set of
predictors usced were those previousty crmloved to predict 419 10T

(analvsis 8). Contained in this set were the distribntion of nractice
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precictors,  Using the "hest” scales and indices plus the duty-cvele
iand work-ratio predictors, rvevression anitlvees were run with the five,
ten and Iheminute T criteria, The resnltes, shown bhelow, indicate
that this comhination of predistors effectively extended the pre-

Jictive efficienes to interim levels of performance:

criterion Multiple R P

Sl Soein, O3 .10
SOTOT 10 min, 0a 1 .10
Soror L oain, L04 JLORE

\noexamination ot the individual vredictors across practice time
(.o, tive, ten, and IS-mimtes) again indicated that dutv-cvele and
especially worl-ratio mide inercasinely greater contributions to the
amotnt of predicted variance ax practice time grew longer. A similar
increasing contribution was also Found For the "number of responses"
prodictory o rechech of this predictor's contribution across prictice
time wits made o analyvses 10 and 11 and a similar profile appearved.
Thus, it wonld scem that at least three of the indices are cavable of

extending predictive efficiency to the interim levels of performance,

3.0 Disenssion

An overall appraisal of the fimdines of the 11 regpression analvses
indicates, Tivst, that the eritevion measnres used in the post-diction
stirdies 1re ot two distinet types.  Initial level  of performance, the
first type, appears to be predicted nost efficiently by Jdescriptors
which relate to featnres of the task per se. The majority of the scales
and indices are divected to fieet this point, At initial levels of per-
Formance, the training variables used in the studies have had little if
any irpact . bominant factors at this stapge ave prohably aspects of the
tash itselt amd the abilities ol the subjects.
s Tower™ correiation has 1 higher n-value die to the sTightly

Lavver pumher of cases contribating to it as comared to the R of |71
& directlyv abvove it
!
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It is concecivable that the bulk of the residnal variance

in the :
4 initial performance predictions resides in the subject factor. Sceveru: |
3

studies (Fleishman 1957, 1960; Fleishman and lewpel, 1951, 1955 and

llinrichs, 1970) have shown that the abilitics of subjcects ure related
to or predictive of performance on o variecty of tasks. These studices

have also indicated, however, that the puattern of ubilitics contributing
to proficicncy on complex tasks may change as practice on <uch tusks con-

tinues and proficiency increascs.

When attention is focused on predicting interim performance tevels,
the second type of criterion measurc, predictive efficiency of the majo-

rity of the predictors declines. Onc potential explanation for this de-

cline would be the increasing impact of whiatever training variables ave
in effect plus the interaction of these variables with subject character-

istics. The analyses indicate that changes in the predictive contributions

of the various indices occur when the criterion measurcs reflect interim

%
rather than initial performance. A smaller number of the predictors appear :
to come into their own when latcr performance is examined. Understandably, ;

' some of these predictors relate to the important training dimensgion of 5

distribution of practice, i.c., massed versus spaced practice. In a less
readily understood case, the predictor variable of "number of responsces®

also increased in predictive ef¥iciency as practice time increased.

llad other types of task-characteristic indices bheen used in the

post-diction study (c.g., PE1 and panel iundices), their predictive ef-
ficiency might have increased as proficicncy increased. 1f obtained, this
finding would be of interest when compared with studics on the contribi-
tion of subicct variables (ahilitics) to different stages of practice

, (c.g., Fleishman, 1960; llinrichs, 1970). These and similar studies have

AR st S b A Ul

generally shown decreasing predictions from chility variables with con-

v

tinucd practice and higher proficiency levels on the criterion tashs. At

the same time they have identitied "task-specific” factors which incrense
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I oamportance das proticiensy inereases.  An ointeresting arca of rescarch

would be to deteraine whetheor the "rask-specitic” factors found in snch
studics can be related to or explained in terns of task-characteristic
indices. The simultancons nse of subjecetr, tash, and training indices

might enhance predictive of ficiency.

Grantine all of the limitations inhevent in the post-diction study,
its results contira the anitial conceptualization of the training situa-
tion whivh vicwod 1t in terms of the task per se, the subjects, the train-
ing variables. and interaction :nnony these components.  The evidence at
lind indicateo the need for indices specifically designed to measure

daspects of cach of these conponent =.

The problems and Timitations of the post-diction are many and
sheutd not be shighted.  The attrition experienced as the scarch went
on for suitable studies in the open literature placed a decided limita-
tion on how far the results ol the repression analyses may be generalized.
The small number of studies acquired did not permit the important step of
cross validation to bhe taken.  1ll<e of the literature itself removed any
control over the subject factor and prevented application of the DET and
panel Tayv-out indices. Yet in soite ol these factors, sizeable portions
of the total variance in performce were predictable using the indices
applicd.  Shrinkage of these igwes wonld undoubtedly occur upon cross

validation but their continued dovelopment still appoars justified.

The development should proceed, in three directions. First, re-
fincment of tie rating scales must be undertaken.  Several instances
were eoconntered during hoth the field work and the post-dictive studies
in which inter-vater apreoments were lacking.  Agreement can be improved
by providine more concise and conststent definitions for the rating-scale
indices.  \ereenent would alse be improved to the extent that the concepts

represented by othe scales can be mcasured or enumeratoed more directly.

60
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Sccond, attention must be given to development of training tech-
nique indices. Results of the post-diction excercise suggest that sach
indices may aid in the prediction of advanced levels of proficiency.
Whether these indices would be as neccessary in dealing with complex
training devices as they appear to be when studying simple taboratory
tasks remains to be seen. Third, and finally, the types of indices
employed in the present study must be applied to actual training devices
for which performance criteria arc available. The demonstration of
relationships between quantitative task indices and performance measures

in highly complex man-machine tasks would be truly impressive.

61
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1.0 CONCLUSTONS

This study has demonstrared the feasibility of using a varviety
ot quantitative indices to deseribe <alient characteristics of the
trainee sub-tasks found in surveillance svstem training devices.  Al-

thongle applicd only to trainee suh-casks in selected sonar svstems,

miy ot the indices pevertrheless appear applicable to a wide variety
ot both trainee and giastractor tas) s,

The importance of this demonstiration is evident when one con-

siders the nature o mame o the amantitative indices which were

caploved.  Tivet,several of the veasures, and o particular the DET

mnd panel Tav-ent indices, are directly orelated to featuves of a taslh
familiae to Jesivn engineers.  These are hardware and procedurnl
Ceatures which mivht be reconticnred during the Jdevelopment of alter-

niative destgns., Moditvications of these task characteristics would be

retflected by changes in the »alues of many of the gquantitative task
indices coploved i the present <ty Second, and more imporrantlyv,
these same taskh characteristics can be hvpothesized to hear o rvelation-
ship to measnres ot task perfovmance including proficiency levels or
rates of sLill acquisition,  Fowler, et al. {1268) have already demon-
strated this type of

In thearv, therefore, the posgihlity exists ot developing quanti-

tative protites ot tasks and of veluting such profiles to measures of
performance.  Were intformation ¢f this type available, it would then he
possible to predict the hehavioral conseguence of restructuring a tash's

profile of quantitative indices.  \V basis vonld exist for predicting the
etfectivencss of alternative troining device designs. AlL of this is
contingent, of course, npon the demonstration of o relationship between

the gurumtitative indices and measures of performance.

relationship for some of their panel lav-out indices,

[
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Results of the post-diction study conducted during this project
contirmed the existence of significant relationships between "tash
characteristic indices'" and measnures of performance. The relationships
were strongest (p<€.05) during carly stages of practice. lHowever, nine
of the 14 multiple-correlation coefficients which were compnted supgested
the presence of relationships between task indices and criterion measires
of performance (p<.10). These results were particularly encouraging,
being obtained in spite of the fact that the major indices of interest
(DT and panel lay-out indices) could not be emploved, and that dif-
ferences between groups of subjects (a violation of the predictive model)

could not bhe avoided.

The major conclusion of this study is that further development
of a quantitative task analytic methodology is warranted. Tf the tvpes
of indices emploved in this studv can be related to behavioral measures
obtained in training devices, an invaluable tool can be developed for
individuals responsible for sound training decisions. At the very icast
this approach would put the device design nrocess on a more ohjective
footing.
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SO0 RECOMMENDNTIONS

Asohas been discnssed in carbier sections of this report,
development ot o set of awmtitative indices ror the deseription
of tashs is onlv the Yirvst step in oa Targey program of rescarch.
To be of applicd valoe it et e demonstrated that changes in the
desian of o terainine device (i.e., chaneges in the trainee's or
instrnctor's station aml tash«< are reflected in corresponding quim-
titative b ndices. Similarly, btomnst be shown that variations
in the quantitative indices are velated ro different rates of learn-

ing or levels of proficiency,

Additional rescarch will be vegnired to demonstrate these
relationskips.  For a nmmber of reasons, however, the investipn-
tion will be diftficult to execrte satistactorily., fhese problems
stem from the requirement that the rescarch focus on actnal train-

ing devices currently in nse in the field.

The major recommendation stemming trom the present report is
that a predictive study be undertaken, based on ictual training
devices,  As the tirst step in this study, additional quantitative
indices <shonld he assenbled. mphasis should be placed upon use of
indices previonsly developed :md reported in the literature, rather
than on the development of new indices. Most desiresble wonld be
indices possessing the folloving attribntes: 1) construet validity;

2 case of quantitication mud reliubility: 3) generice apnelicability

across devices, and 0 based npon task features of relevance to design

cngineers,

The assembled indicves slFould be anplied to a large sample of

hoth trainee and instructor t:sts for which ceriterion data are available,

F
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In this futurc cffort consideration should be given to use of a
wider varicety of criterion measnres, o wddition to rate of learn-
ing and level of proficiency, consideration shonld he given to
transfer of training criteria.  Similaviyv, measnres of instructor

proficiency during device operiation must he entertained,

If the results of these cefforts were promising, then a
number of interactive studies should be mndertaken., These
studiecs would attempt to generate guidelines ahont the personnel
who would benefit most from training, and about the training
techniques which could be applied to particular tasks to increase
training cffectiveness. The kev to this resecarch, however, is to
first understand the relationships hetween different tasks and the

performance of those tasks,

05
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Appendix A
Taskh Charactoristic Rating

feales

The 13 scales used for the Key West study are
indicated By asterisks (¥, A1 of the 18 indices
pregented in this Appendiy were ernloved in the
post-diction stndr,
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*1,  NUMBLER OF OQUTIPUT UNITS (UNIT)

The entire purposce of the task is to create output units,  An cutput unit
is the end product resulting from the task, Ouatput wnts can take different
forms. Fur example, sometimes the output umt is o phiysical object as-
sembled {rom several parts. it may also take the form of wrelationslan
between two or more things, v, u., drive three car-tengths behind the car in
front of you. An cutput unit mirht also be a destination, e, g, run from here
to the corncer, with the cornei being the destination,

First, identify what the output unit{s) is in the present task,  Tlow, connt
the number of such output units that sorneone performineg this task 1s supposed
to produce, Use the designation AMAD (As many as possible) where no actual
limit exists.

%2, DURATION FOR WIIICIT AN OUTPUT UNIT IS MAINTAINED (DURA)

Once the operator has producced an output unit he may be reguired to maintain
or continuc it for one of scveral time periods,  JFPor examople, it can he maintaimed
for as long as possible.  Another alternative is that completing one output uni @

a signal to leave it and g on to produce the next output unit,  Or, havine produced
the output unit, performance unds.

Choose which of the following alternatives applies herc:

1} Maintain unit as long as possible.

2) Maintain unit as long as possible but continue to produce additional
units,

3) Leave unit and gc¢ on to produce next unit,

4) Production of uni: signals cnd of task,

%3, NUMBER OF ELEMEFNTS PER OUTPUT UNI'tT (ELIN)

One way of describing an output unit is in terms of the number of elements
involved in its productior . iy elements we mean the parts or components which
comprise the output nnit,  In an addition preblom, tor example, the numbers 1o
be added arc the elements which comprise the cutput unit.  in a more phesical

task, the clemients could be parts to be asserbled or apparatus to be manpulaed,

Count the number of different displays and controls which are manipulated
in producing a single output umt,

71

e N I T R L T
& hsieitiior asadisiddulani oo "




W e e

-y r T Y S S T T T T T

NAVTRADEVCEN 6G9-(-0278-1

s, SIMULTANEULY OF RESPONSES  (SINMU)

The vesponses which the opurator makes in producing one cutput unit may
involve o or more effectors (¢, o, hand, foot, arm, voice, cte, ), Depending
upon the teslh, these effvetors may or may not be vsed simultancously

For
SUUEII B RICIDRIG U N

example, both hands dwo eficctors) are used simultancously in playing a plano,
How many effectors are being used simultancously during the present task?

zere _° two ? three four

. NUMNEBER OF RESPONSHS  (NO, R}

marher we were concerned about the number of elemuents, i, ¢, , objects or

componvens, involved in the production of one output unit,  Now we want to con-

sider the aumber of responses) needed to produce one ontput unit,  There isn't
a necessiary one-to-one relationship between objects and responses.

Count the ntunber of responses or steps involved in producting one output
unit for the present task,

Finter this nuncber on the answoer shecr,

RAPIDNESS OF FEEDBACK (FEED)

For present purposes the termy FEEDBACK refers to information which an
operator may gt about the corvectness of a respouse,  Consider the maxinmum
numbuer of responses the opurator makes bhefore receiving tevdback on the status
of output umit.  Fater that number on the answer sheet,

~1
to
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#7, WORIK LOAD (LOAD)

Work load refers to the number of outpat units to be prodaced relative
to the time allowed for their production, We are intersested an the catn, of

the number of output units per unit thne, o, 0, make Sowrdpets o 10 it s
1 widget produced every two minutes,

However, there are those tasks in which the goad is toeaintan o vite-
] tion rather than to produce multinfe output wnit=, For «-.~::l!:1;nf~', 58 %F8% 0%

; task where youore to etay within (00 feet of the vehaele aloeve of yoa, b or
these types of tasks, work load refers to the leneth of tine for whieh non-
tenance is required,  The longer the maintenance period, the nicher the
work load,

E Therefore, rating a task in terms of work load resolves to anewering
one of two quustions

1) llow 1ruch bas to be produced in whit amount o time; or
¢ 2) How long does this situation have to be maintained oy continued”
Definitions Fxamples
High work joad - as many
output units ws posgible are to be e Drive as many nails as possible
produced in a fixed period of time;, intive minutes,
a relatively large number of output ¢ Maintain a ¢+ mmlas-control
units is to be produced ina rela- relattonship s lone as possibie,
tively short period o f timues an
9 ¢ o 5 -

output unit is to be raintained

for a relatively lone tme or for as
long as possible,

Moderate work lond - a maderate ® Drive ten nails in five minutes,
number ot vutput umits is to be 4 1 Maintain a =timulus -control
produced in a rvasonable period relationsinp for three minutes,

of time; an output uait is to he
maintained for a mcderate period
of time relative to other possible

periods.
3 S

@ Drive these two nails in the next
five minutes,

# Suin the tollowing Dive numbers,

Low work load - a small number \fnintan i : trol

e o Maintain a stimulus-contr

of output units 15 ti b produced ‘ v

in a relatively lons pertod of ting; refationshin or 30 seconds,

an output wmit 15 to be m.nnl;nm-(l‘l —

for a relatively shert period of fime,
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e

Tas

PRECISION OF RESPONSLES (PREC)

ks may differ in terms of how precise or exact the operator's

responscy must be, Judee the degree of precision involved in the present

task by connidering the mos
unit,

Definitions

Tgh depgree of precision - hecause
of small tareets, tine s ales, 7
sensitive controls, ete, the subject
must make responsces which are
extremely precise,

Moderate precision - relative to
the definitions above o helow, a 4
maderate degree of precision

must accompany sul;s ct's responses,

v degree o precisien-because
Clarve tarests, vross scales, in- 1
sensilive controals, ot the subject
can make responses which are aross
Or nrecise

L nrecise response made in producing an output

Examples

¢ Usinue a chemical balance (scales)
determine the weight of the followinge
objects to the nearest microzram,

¢ Replace the mainspring in this
wrist-watch.

¢ Using your pencil, trace this maze,

¢ Do twenty push-ups.
¢ Sort the oranges and lemons into
two piles,

B
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! ©9,  RESPOMSE RATE (KATE)
] Responses can be made at different vates. That o the freguency wath
; which responsces must be made cion cary trom task to e Por examnle,
3 you would have a higher rate of respondine o yonwere slavine s sanede ooy o e
[ of tennis than if you were playing chess. The response = would conwe 1o
i : : F oy j
3 frequently in the first ease than in the secand. You wre 1o judire el e
d of responding is called for in producing one outnut unet v the tast Lo cadieerd,
Dufinitions Foaxaniples
High rate of responding, « many e [ire 20 rouned: for cfteot as
responses are required per | — quickly as pos:ihle,
unit time,  In the extre ne case ® Cotnplete this fre-saw pucvle o
; responses become continuous, fast as you can,
o Track this tarucy,
.:, 6 -
3
i
3 5 o
3
g

Moderate rate of respoudinog - a 4 w8 Vire 20 rounds
moderate nunher of responses

i cothre ramdly e
also be as aconrate as vou cae,
arc required poer unit dme,

0 Ate { presy e e . o
Low rate of respondin e - jew O Add the tolloneine namibaera, e
responses e ecmatieo per ot 1 ol the i e v EYRITrT
4 time, Herponses are otten sin- =
| cular,
i
1 5
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.

¢

9

i “lo, NATURAL DEPENDENCY OF RESPONSES (NADL)

: Consider agamn the number of steps fresponses) involved in producing
i one et nnit. The steps may be described in terms of the devendency
. Hne “heme denendencey concerns the extent to whach the steps must be
done SAAN iticd order. Por eximple, dependeney exrsts betweoen
3 Steps Nand Boit sten Bocannot be accomplizhed without step A being done
1 first. Note; Procedures which have only one step are automatically Tow
3 independency. Nataral denewdency refers to dependency that is inheront

in the opervation of the cqunment,

Definitions Fixamples

L 111 e v I
ivh dependency am . . 0
STl oos SR oEms S — Using the eombination you've been
| cach stepan the procedure is 7 o UBINL ] .
] ' given, open the sate,

: tely dependent he . .
(.om_nlt.h ly dependent upon tha « Dial this telephone number.
pr('ccrlm_u. prm'c(lnrill step.
Systematic orderimg of steps is at

a maxinmum,

6 o

FE

:

:- Moderate dependency amang steps, - 9 Using colored blocks, stack then into

‘ in the total number of steps cnm—4 ~— columns four blocks high. Do this in
prising the procedurs, approxe- the order red and green for the first

! imately 507% are depondent wpon two blocks, The remaining blocks may

preceding steps, be of any color,

.

i 3 —

# Using colored blocks, stack them into
columns four hlocks high,  Order of
c¢olor is unin.portant,

Low dependency an ng steps -
procedural stens are not orocanted
10 any peorttendar seccesoe, Sien 1 0
AT ray e corfes e oo omay
precede SN Deraceoare havine one

step are I i deper densy,

Rt

RN AR

AT
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*11, TUTORIAL DEPENDENCY OF RESPONSES (TUDIE)

T

Consider again the number of steps (responses) involved in producing

one output unit. The steps may be described interms of the denendency

among them; dependency concerns the extent towhich the stens st he
done in some specificd order,

For o

ample, dependeney esiors betseen
steps A and D if step B cannot be ftecomplished without step A herng stone
! first. Note Procedures which have only one step are automatically Tov
: in dependencey.

Tutorial dependency refers ton denendeney inaonerd

; as part of the training in an ¢ffort to ctandardize trainec operidtions,
! Definitions Examples
i

High dependency amons steps -

: g 31 1 ination you'lve bee
. cach step in the proceaure is amam o U.smg the combination you've been
: ) given, open the safe,

3 completely dependent upon the . .

] . « Dial this telephone number,

: preceding procedural step,

Systematic ordering of steps is at
a maximum,.

Q 6 o

]

Moderate depend *ney amon - ¢ Using colored blocks, stack theny into
f in the total number »f st - columns four blocks hich, D-othiz in
| prising the procedure, approx- the order red and green for *he firse

i imately 50% are dej endent upon

two blocks., The remaining Hleocks may

preceding steps. be of any color.

(S e

Low dependency amnony steps -
] 4oy QS IV TS & S sy, S I
g procedural steps are not nreanized
inany particular reauince, Step ]
YAlmay precede 1V or 8T may
Precede "AY, Proccdures having one

step are Iow in depondency,

0 Using colored blocks, stack them iato
colummg four blocks hich, Qrder

—t color ir unhmportant,

0
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TILL ODPERATOR CONTROL OF THE RESDPONSE (OCOR)

Given the oceurrence of the stimulus, what degree of control does the
opurator huve over when hie must initiate his response,

Definitions Examples
Pull operator control - the e Playing & game of chess by yourscel?
operator s the =ole deter- [ wherce you play both sides and theve
miner ot when the resHhonse is no time limit for responding.

will be made,

Partial operator cont-ol - the ¢ The traffic light turns red when you
responsc must be ma le within 4 — are 500 yards from it; you have

a reasonabls time att e the options as to when you will hit the
stimulus occurs but twe operator brake,

detevmmines when within the interval
the response will tak @ place,

4 No oprrator control - the ® Typical reaction time task, When the
operator st resnotd as soon l — light comes on, push this button as
as the stimualus occeuss, fast as you can.

78
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o DEGRER OF MIUSCULAR EFFORT INVOLVED (MUSC)

This dunension constders the amount of muscolar chort required to

prriori the tasb o Hxeruane the sk and idemily the most physically

strenvous part ot it Rate this part on the sceale bolow,

Delinitions Fxaniples

Theh canount of prmscelor cifort-
e Do 10 push ups,

responsecs) require o bieh 7
e Lift the heaviest weipght possible,

devrec o muscular involvenient,

Moderate amount of muscular

cftort required tor the response(s) a wrench,

Low amount of muscular effort ¢ Solder two wires topether

& Acd numbers and report the

reguired
| - sum aloud,

{0
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® Tighten nuts on bolts securcly with
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16, REGULARITY OF STIMULUS OCCURRENCE (ROSO)

Consider the eritieal stimulus ar stimulus complex to which the
operator st attend, Does it ocear at regultar (i.e,, equal) intervals
or at irrcevular mtervals, Pread regular intervals and constant pre-
sence of the stimulas as cquvalent conditions,

Rate the present task on this dimension,

Definitions Kxamples
High repularity - stitnulus eCars caming along an asscembly line,
occurs at reeular intervals or [
is constantly present. e Looking at a photograph of an objcct,

Medium _regularity - stimulus
occurs at irreyular (unequal) 4
intervals bnt there i a pattern
of occurrence,

¢ Receiving morse code.

[.ow regularity - stimulus oc-
S e

- - ) ¢ Detecting random signals ona CRT
curs at very irrcegular tahnost I :

. splay.
randony) intervals, l arspiay

82
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170 STIMULUS OR STIMULUS CGOMPLEN DULRATTION (SDUR)

Consider the critical stimulus or stinnmlus-comples to whicl the
operator must attend in performing the taske  elative toshe total
tinie, for how long a duration ir the otarulns or stimulas-complos pre:
during the task?

Definitions Framples

. . 7 E— . N .
Long duration - stimu.us would ¢ Drawing a pictare hye obhserviz
remain indefinitely,

a model of the object heine dr ey,

6 —

Medium duration - stimulus 4 =] © Redlight goes out when operator
re-aains present until changed pushes a button,

{spatially, temporally, etc.)
by the response made to it,

3

o Operator must wdentity wor s oy

prior to response berg made te - targets pressnred telnstoso spioal’y,
it,
83
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“18

Judygce the devree to which the physical Joeation of the stimulus ar

< VARIABLLUTY O STIMULUS LOCATION  (VARS)

stimulus comples is peoedictable over task tine,

Definitoons

Lliph predictability - ctimnlus

location reniain oitsically
unchianyed,

Muedium predictability -

location chanves but .na
known manner or patiern,

Low-nroedictability, - location
changes inan almos: random
fashion,

S

o ) [TV NPT SR

Fxamples

e Stimulus is a red light Tocated on o

display pancl,

¢ Visually following an arrvow in
flight toward a target,

?  Predicting which lear will fall tr o

a tree nest,

N

i
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: Appendix B

Operations Flow- Charts
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